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ABSTRACT

Fertilizer-derived nitrous oxide, N20, may cause an increase of tropospheric N20, which

could contribute to the destruction of the ozone layer and enhance the "greenhouse

effect". The impact of fertilizer on tropospheric N20 may be enhanced by increased carbon

dioxide, CO2, which may alter soil N dynamics. The goal of this research was to measure

N20 emissions from soil within a field of wheat grown under two levels of atmospheric

CO2 (ambient and ambient plus 200 ppm), two irrigation levels (15 and 30% depletion of

available water in the root zone), and two levels N-fertilizer (15 and 350 kg N/ha). Spring

wheat (Triticum aestivum L. cv. Yecora Rojo) was planted at the University of Arizona

Agricultural Center, Maricopa, Arizona, December 1996 and harvested May 1997 in

conjunction with a Free Air CO2 Enrichment (FACE) experiment. Chamber measurements

of N20 emissions were made five days during the season. The results showed that

emissions were not different for the two different irrigation levels. There was, however, a

positive correlation between emissions and air temperature. The elevated CO2 had no

statistically significant effect on the N20 emissions.
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CHAPTER 1

INTRODUCTION

Expected changes in global climate and atmospheric carbon dioxide (CO2) concentrations

are likely to have very major, yet relatively poorly understood consequences for the

productivity of important food and fiber crops. It is hard to assess these consequences in

"traditional" experiments using greenhouses or closed chambers, because they may modify

many of the environmental conditions, affecting plant growth and development.

In order to minimize the problems associated with greenhouse and chamber based

studies, a Free-Air Carbon Dioxide Enrichment (FACE) study was conducted in 1997

over a wheat field in Arizona. The FACE study was supported by the U.S. Department of

Energy and the U.S. Department of Agriculture. The study involved many scientists and

engineers from the U.S. Department of Agriculture, U.S. Department of Energy, the

University of Arizona and other institutions in the U.S., Japan and Europe. The overall

objectives of the FACE study were to i) determine the effects of elevated and ambient

CO2, abundant and limited N, and irrigation frequency on wheat yields and fate of fertilizer

and ii) evaluate carbon inputs to or losses from the soil under conditions of ambient or

elevated atmospheric CO2 .

The specific purpose of my thesis research was to determine the interactive effects

of elevated atmospheric CO2 concentration (-200gmol/mol above current ambient) and

limited soil nitrogen on N20 emissions from the wheat field. It has been proposed, Rolston

et al. (1976), that fertilizer-derived N20 may result in an increase of tropospheric N20,
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which in turn may be an important factor in the destruction of the stratospheric ozone

layer and in the enhancement of the Earth's greenhouse effect. Since each molecule of

N20 released to the atmosphere has the capability to contribute 200-fold to the

greenhouse effect relative to each molecule of carbon dioxide, i.e. one N20 molecule

absorbs infrared radiation 200 times more efficiently than does a CO2 molecule, the

increase could have important implications for future climate changes, Schlesinger (1991).

The N20 concentration is increasing in the atmosphere at a rate of about 0.25% per year.

Various anthropogenic activities and processes may be responsible, including increasing

global use of nitrogen fertilizers, tropical land disturbance, biomass burning and fossil-fuel

combustion.

Bouwman (1990) estimates that 90% of N20 emissions to the atmosphere comes

from soils through the microbial process of nitrification and denitrification. Both processes

are influenced by the availability of soil carbon. Aulakh et al. (1984) has hypothesiced that

increased atmospheric CO2 may enhance root growth and soil carbon conditions favorable

for production of N20 in soil. It is therefore important to study these processes and the

effects they have on atmospheric N20.
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CHAPTER 2

LITERATURE REVIEW

Gaseous N oxides , NO and NO  (NO + NO2), are trace atmospheric constituents that

function directly or indirectly as potentially important greenhouse gases in various global

climate change scenarios. Both NOx and N20 participate in the production and/or

consumption of atmospheric oxidants, such as ozone, 03, and hydroxyl, OH. NO is

removed from the atmosphere in a series of photochemical reactions that results in

formation of HNO3, the fastest growing component of acidic deposition, i.e. rain or snow.

The OH radical has been referred to as the "tropospheric vacuum cleaner" because

it reacts with hundreds of gases, both natural and anthropogenic, Thompson (1992).

Addition of NO  and N20 to the atmosphere reduces the concentration of tropospheric

011- which can subsequently feed back and reduce the rate of destruction of NO„ and

N20. Increasing tropospheric NO  and N20 concentrations will lead to decreasing 011-

concentrations and to increased NO  and N20 lifetimes, which could lead to an overall

decrease in the oxidation capacity of the troposphere.

Model studies on the relationship of hydroxyl to other species provided the best

alternative to understanding its atmospheric behavior. Thompson et al. (1989) used a one-

dimensional model to study future atmospheric composition characterized by higher

methane levels and increased anthropogenic emissions of carbon monoxide and nitric

oxide. They found that most remote regions will lose hydroxyl as a result of increasing

carbon monoxide and methane if the nitrogen levels remain about the same. They state
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that this should be the case in the mid - and higher latitudes in the Southern Hemisphere.

The N-oxide concentrations, however, are not constant all over the globe.

Attempts to balance the global nitrous oxide budget have not yet been successful,

and the understanding of the cause of the imbalance is inadequate. Nevertheless it is

believed that fertilizer application and changes in land use are contributing to the observed

increase in atmospheric nitrous oxide concentrations.

There are many small sources of N20, both natural and anthropogenic, which are

difficult to quantify. The main anthropogenic sources are from agriculture, biomass

burning and a number of industrial processes. Unknown sources of N20 account for

almost twice the current global atmospheric loading rate of 3.5 Tg N20-N yf i, Robertson

(1991). Natural sources are approximately twice as large as anthropogenic sources, IPCC

(1990). Although sources/sinks cannot be well quantified, atmospheric measurements and

evidence from ice cores show that the atmospheric abundance of N20 has increased since

the pre-industrial era. The average growth rate over the past four decades is about

0.25%/yr, Schlesinger (1991). In 1992 atmospheric levels of N20 were 311 ppbv,

compared with pre-industrial levels of about 275 ppbv. If emissions were held constant at

today's level, the N20 abundance would climb from 311 ppbv to about 400 ppbv over

several hundred years. In order for N20 abundances to be stabilized near current levels,

anthropogenic sources would need to be reduced more than 50%, IPCC (1990). The

residence time for N20 in the troposphere is 150 years, compared with CO2 which has a

residence time of 3 years, Schlesinger (1991).
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Nitrification / Denitrification 

Both biotic and abiotic processes are involved in the production of NO  and N20 in soils.

Nitrification is defined as the biological oxidation of NH4+ to NO2" and NO3 , or a

biologically induced increase in the oxidation state of N. The NO and N20 yields of

nitrification are normally relatively small. N20 results from a reduction process and its

importance as a product of nitrification should increase as 02 availability decreases.

However, the increased production of N20 depends on how much the overall process rate

is reduced by the limited availability of 02 .

Nitrification:
	

NH + NO2" NO3 "

Denitrification is defined as respiratory reduction of NO2" and NO3" to gaseous

NO, N20, or N2 that is coupled to electron transport phosphorylation. The ratio of

N20/N2 as products of denitrification depends on soil environmental conditions, such as

pH, redox potential, concentrations of oxidizable carbon, oxygen, nitrate, and

temperature, Conrad et al. (1983), Hutchinson et al. (1993). The regulation on N20

production imposed by most of these parameters can be deduced by considering their

influence on the relative availability of oxidant vs. reductant. When the availability of

oxidant overshadows the supply of reductant, then substrate N oxide may be incomplete

resulting in a relatively large N20/N2 ratio of the end products. Conversely, when the

overall rate of denitrification is limited by the supply of oxidant, most of the N oxide is

converted to N2 . To understand the variation of N oxide emissions within a cropped field,
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for example, the distributions of plant roots, crop residues and bands of fertilizer must all

be considered, because they contribute to the local N and 02 supplies.

Denitrification:
	

NO3 °"0' NO2	 (nitrate reductase, enzymes)

NO2 4°•0 N20
	

(nitrite reductase, enzymes)

N20 =. N2
	 (nitrous oxide reductase, enzymes)

Under anaerobic conditions, N20 may even act as the main electron acceptor for

denitrification so that these soils may represent a sink for atmospheric N20. The

mobilization of nutrients by soil water may cause an increased respiration rate of

heterotrophic microbial flora. This may result in a reduction of the oxygen concentration

in the soil and furthermore, the increase of soil moisture content hinders the diffusion of

oxygen into the soil, so that soil microbes with a limited supply of oxygen may develop.

Under these conditions N20 production by denitrification, as well as, by nitrification is

stimulated, Conrad et al. (1983).

Irrigation and soil moisture are also important factors concerning the activity of

soil microorganisms. Conrad et al. (1983) found that at a soil moisture content of 20%,

N20 evolution rates were 3 to 10 times higher than at a soil moisture content of 10%.

Soil microorganisms may also consume N20, but the net effect is that soils

generally emit N20 through a complex series of biochemical and physical processes.

Recent estimates indicate that soils may contribute as much as 90% of the total N20

emissions to the atmosphere, Bouwman (1990). Estimates of N20 emissions from
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managed (cultivated and fertilized) soils may vary, but they may contribute about 10% to

20% of the total emissions from soils, Schlesinger (1991). A potentially important factor

that contributes to this uncertainty is the effect of elevated carbon dioxide on N20

emissions from soils.

Because soil microbial N20 production processes are dependent upon the

availability of carbohydrates as an energy source, it is most likely that an increased carbon

supply in soil would enhance gaseous nitrogen losses to the atmosphere. Hocking et al.

(1991) have demonstrated increased uptake of N by wheat grown under elevated CO2 in a

growth chamber. Enhanced productivity of plants grown under elevated CO 2 may

influence N cycling in the soil-plant system. Enriched CO2 atmosphere may increase both

above- and below ground biomass, especially in C3 plants, Taiz et al. (1991). Several

possible changes in the N cycle may come from this variation in plant biomass.

The increased root growth under elevated CO2 may increase the amount of

exudates, which provide a rich environment for microorganisms. The rhizosphere may be a

significant site of denitrification even in aerobic soils, due to low pE and high available C

near the root, Firestone (1982). Increased root growth might be expected to increase the

amount of plant residues added to the soil and increase the potential for N20 production

during denitrification, Aulakh et al. (1984).

The effect fertilizers have on N20 emissions

Grant et al. (1992) found that N 20 fluxes at the soil surface were stimulated following two

pathways: i) vertical transfer to the surface in the aqueous phase and then volatilization
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from the surface to the atmosphere and ii) vertical transfer to the surface in the gaseous

phase and then vertical transfer from the surface the atmosphere.

Row-crop agriculture is assumed in most global assessments of N20 fluxes to

contribute most heavily to the global flux primarily through effects of fertilizer inputs.

FAO (1985) estimated that approximately 70 Tg of N fertilizer were applied annually to

crops worldwide. Eichner (1990) estimated that the proportion of fertilizer N emitted as

N20 is on an average about 0.5% (0.35 Tg). Conrad et al. (1983) found that after

application of fertilizer (100 kg/ha), a dramatic increase of the N20 evolution rates, with

maximum values 1 to 2 days after fertilization. The elevated N20 evolution rates persisted

over a period of several days and then reached background rates again. With heavy rainfall

the N20 evolution rates showed a second maximum.

The N20 emissions rates from fertilizers appear to be strongly related to fertilizer

source and the amount of fertilizer applied. Bremner et al. (1978) found that the amounts

of N20 released from well-aerated soils treated with (•1114)2SO4 or urea were much greater

than the amounts released from soils treated with KNO3 .This was also shown in the

Conrad et al. (1983) experiment. They applied ammonium chloride in three different ways:

1) as an aqueous solution poured onto soil surface;

2) as a powder distributed onto soil surface that had been wetted before

fertilization; and

3)	 as a powder worked into the top 10 cm of the soil that had been wetted before.

The experiment showed lowest values for N20 evolution in case 2, and both 1 and 3

showed a second maximum of N20 emissions after rainfall. The low N20 evolution in case
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2 can be attributed largely to ammonium fertilizer may have been lost through NI-13

volatilization.

The influence of amount and form of application of fertilizer is most likely based

on local concentrations of mineral nitrogen at soil micro sites, Bremner et al. (1981).

Bremner et al. (1981) assumed that N20 evolution rates would be correlated to the

concentration of ammonium, nitrate, or nitrite in the soil. Field measurements, however,

have not supported this hypothesis.

Many of the fertilization problems can be minimized by wise management

practices. For instance, many farmers use legumes in a crop rotation scheme, leaving the

legumes in place and tilling them under, or returning the waste from cash-crop legumes.

This increases nitrogen availability in the soil and also increases the soil's organic content.

Alternating a shallow-root crop with a more deeply rooted crop can reduce losses of

nitrogen. The deeply rooted crop can assimilate nitrogen that has leached to lower layers

of the soil system, and this nitrogen can then be returned to the surface soil in crop waste,

Kinzig et al. (1994).

Measuring_N20 fluxes from soils 

Several methods have been proposed for measurements of rates of N20 emissions from

soils, such as micro-meteorology using different kinds of sensors (e.g. chemical sensors,

vertical windspeed sensors) and closed-chamber methods, Desjadrins et al. (1993). Those

most commonly used for measuring N20 are micro-meteorological techniques and

chamber methods.
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An advantage with micro-meteorological techniques over chamber methods are

that they integrate the flux over a large area and the instruments interfere minimally with

the transport processes at the soil-atmosphere interface, Hutchinson et al. (1993).

Chambers offer other advantages, including low cost and ease of use. When the

N20 flux is small, the change in N20 concentration with height in surface layer air is small,

and therefore difficult to measure with micro-meteorological techniques. This is

particularly true when air samples are collected within well-mixed surface layer air and

analyzed for N20 concentration by gas chromatography, Matthias et al. (1979).

An disadvantage with chamber methods is that there can be differences in

temperatures inside and outside the chamber, which can result in potential impact on trace

gas production, consumption, and transport processes in the covered soil. The magnitude

of this perturbation can be minimized by adopting reasonable precautions to minimize

solar heating of the chamber and by having a temperature controller, Hutchinson (1993).

The chamber methods can also cause different types of pressure disturbances. Other than

the potential impact caused by installation, a closed chamber containing a fan has very

small or no perturbation in mean air pressure, Hutchinson (1993). Chamber systems may

also cause substantial root damage in many ecosystems, influencing not only plant nutrient

uptake, but also nutrient availability to soil microorganisms, Matson et al. (1990). To

compensate for this error a collar should be installed at least several days before data

collection to allow time for the effects of this disturbance to subside. Matthias et al.

(1980) found that on a relatively wet (28% moisture) soil the N20 emission can increase

on average 250% when inserting a metal cylinder 5 cm into the soil.
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Bias due to physical and biological disturbances associated with the measurement

process can be mostly avoided by using appropriate chamber design, relatively short

deployment times and reasonable care to minimize site disturbances. Potentially large

errors associated with collection, transport, storage and analysis of chamber air samples

must also be minimized.

Justification and Purpose

As apparent from the literature review, both biotic and abiotic processes are involved in

the production of NO.  and N20 in soils. Both processes are linked to water content,

oxygen content, temperature, pH, and availability of carbon and nitrogen compounds

within the soil.

Aulakh et al. (1984) suggested that an increase in root growth, due to increased

CO2, may increase the potential for N20 production during denitrification. The influence

of amount and form of application of fertilizer may also increase the N20 evolution rates

from soils Bremner et al. (1981). The goal of this research is to evaluate the N20

emissions with increasing CO2 and different amounts of N-fertilizer added to the soil.
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CHAPTER 3

MATERIALS AND METHODS

The experiment was conducted at the University of Arizona Maricopa Agricultural Center

(MAC), Maricopa, Arizona in Fall 1996 to Spring 1997. MAC is located at 33°04'07"N

latitude and 111°58'18"W longitude at an elevation of 361 meters. The experimental crop

was spring wheat (Triticurn aestivum L. cv. Yecora Rojo). The crop was planted on east-

west rows spaced 0.25 m apart on a Trix clay loam and, eight circular plots were

established, see figure 1. Planting date was December 15 (DOY 350), 1996. The low

nitrogen plots were harvested May 12 (DOY 132), 1997 and the high nitrogen plots were

harvested May 23 (DOY 143). The experimental plots were factorial in design with two

CO2 levels, two irrigation levels and two N levels.

CO2  treatments

Four replicate 25 m diameter toroidal plenum rings (rings 2, 3, 6, 7, see figure 1)

constructed from 30 cm diameter Polyvinyl chloride (PVC) pipe were placed in the field,

figure 2. The rings had 2.5 m high vertical pipes with individual valves spaced every 2.4 m

around the ring, see figure 2. In the four rings that were enriched with CO 2  wind

direction, wind speed and CO2 concentration were measured at the center of the ring. A

computer control system used the wind speed and CO2 concentration information to adjust

CO2 flow rates to attain 200 mol/mol above ambient (360 imol/mol). The wind direction
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FIGURE 2: Photograph of polyvinylchloride (PVC) pipe with vertical pipes to release
CO2
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was used to turn on only those pipes upwind of the plots, so that CO2-enriched air flowed

across the plots, near the top of the crop canopy.

Air blowers were installed in the non-0O 2-enriched ambient control plots (ring 1,

4, 5, 8, see figure 1) to provide air movement similar to that of the FACE plots. These

plots, however, had continuous air flow, and were not adjusted in response to changing

wind speed or direction. The Blower plots had some contamination with CO2 from the

FACE plots, the amount depended on the how strong the winds were. Further details of

the CO2 enrichment system are provided in Hendrey (1993) and Kimball et al. (1995).

Irrigation 

Subsurface drip irrigation tubing was installed at 23 cm depth before planting. The tubes

were located 50 cm apart and had an emitter spacing of 30 cm. Shared drip tubing of the

irrigation system extended across whole replicates such that the high N sides (see figure 1)

of both the FACE and Blower, and likewise for the low N side. The plots were irrigated

after 15% or 30% of the available water in the rooted zone was depleted. The irrigation

water levels were approximately 100% and 150% of evapotranspiration as determined by

meteorological data from the Arizona Meteorological Network (AZMET) station at

MAC. Over the whole season 311 mm of water was applied to the plots with low water

treatment (30% of available water in the rooted zone depleted) and 583 mm was applied

to the frequent irrigation treatment (15% of the available water depleted).Over the whole

season each plot received 22 mm of water from rainfall. On DOY 27 and 29 gas samples
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were collected from both irrigation levels, whereas on DOY 73, 90 and 104, gas samples

were just collected from the plots with 30% of the available water depleted.

Nitrogen fertilizer

All rings, were divided into north and south semicircular halves (see figure 1) with each

half receiving either a deficient N or an adequate N fertilizer treatment. The total nitrogen

present in the soil before fertilization was measured with a spectrophotometer at an

average value of 61 kg N/ha from samples taken on the top 30 cm of the soil. The high N

plots received 50, 125, 125, and 50 kg N/ha from NH4NO3 solution on 1/27, 3/5, 3/27,

and 4/18 1997, respectively, for a total of 350 kg N/ha. The low N plots received 5, 5, and

5 kg N/ha on 1/27, 3/5, and 3/27 1997 for a total of 15 kg N/ha. Pre-weighed amounts of

the granular fertilizer were placed in drums and dissolved in water. These concentrated

solutions were injected into the irrigation water using pumps on the days mentioned

above. Phosphorous was also applied, 51.5 kg/ha. Normally P is tilled into the surface

soils via shallow cultivation. However, the soil was too damp for the tractor and the

material was raked into the surface soils by hand. This is not an optimum solution, but no

symptoms of P deficiency were noted during the experiment. All other essential nutrients

were assumed to be present in adequate amounts.

Sampling

The N20 flux measurements were made by using closed chambers deployed over 0.5 by

0.5 m areas within each half of the nitrogen subplots (32 locations). The base of the
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chambers were not inserted into the soil directly, in order to minimize disturbance to the

soil structure, which could increase the N20 emission. The chamber was instead fitted into

a collar which was filled with water to provide a seal, figure 3.

The chambers were fabricated from corrugated plastic, which does not sorb N20,

figure 4. The chambers were increased in height as the wheat canopy developed. For taller

heights air inside each chamber was mixed by a battery operated fan. Three different

heights were used.On day-of-year (DOY) 27 and 29 the chambers with the height 0.108 m

were used, on DOY 73 the chambers with 0.483 m height were used, and on DOY 90

and 104 the tallest chambers were used, 0.889 m.

The gas samples were extracted from the sample port with a plastic syringe 30 min

after chamber deployment, figure 5. The samples were immediately transferred into an

evacuated 10 mL bottle for storage and later analysis with a gas chromatograph. The 10

mL bottles were set under pressure to minimize any leak that otherwise could occur and

they were sealed with rubber stoppers. Ambient air samples were also collected outside

the chambers. The air samples were collected on DOY 27, 29, 73, 90 and 104.

A total of sixteen air samples were taken on DOY 27 from chambers deployed in

rings 1, 2, 7 and 8.These samples were collected 30 min. after chamber deployment. Eight

additional samples were taken from the same rings after 60 min. At DOY 29 the same

rings were sampled after 30 min. of chamber deployment. After fertilization 2, 3 and 4

(DOY 73, 90 and 104, respectively), chambers in the FACE rings that had 30% depletion

of available water were sampled after approximately 30 min.
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FIGURE 3: Photograph of collar
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FIGURE 4: Photograph of chamber
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FIGURE 5: Photograph of sample port with a plastic syringe
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Gas analysis

The gas samples were analyzed using a Varian 3400 gas chromatograph (GC) equipped

with a 63Ni electron capture detector (ECD) and a stainless steel separation column (3 m

long x 0.32 cm internal diameter) filled with Porapak Q (80/100 mesh). The carrier gas

(N2) flow rate was 30 ml min'. Column and detector temperatures were 70°C and 300°C,

respectively. Samples were injected into the GC via a sample valve equipped with a 1 ml

gas sample loop. Retention time of N20 within column was about 4.5 min., but total

analysis time per sample was 9-15 min. due to long retention of unknown constituents in

sample. To avoid interferences of 02 and CO2, identical Porapak Q columns were used. A

four port valve (Valco Instrument, Co.) was adapted to the GC, figure 6. The samples

were injected with the valve in position B; after the 02 and CO, passed through column 1,

the valve was switched to position A for about 30-40 seconds. In this position the N20

went to the column 2 and to the ECD detector. Once all the N20 flowed to column 2, the

valve was then switched back to position B to vent the gases coming after the N20. The

CO2 interference was minimized in the air samples collected on DOY 29 by removal of

CO2 in an Ascarite trap. However, this did not have any significant effect on the N,0

concentration reaching the ECD and was therefore not used any other time. An

experiment using outside air collected in pressurized vials with and without Ascarite trap

showed no differences in N20 concentration during analysis, and it is therefore assumed

that there is no difference in the vials from DOY 29 and samples from the other sampling

days.
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Calibration of the GC was accomplished by analysis of certified N 20 standards

(502, 512 and 971 n1 1-1 N20 in N2; Scott Specialty Gases, Plumsteadville, PA). Variation

in GC sensitivity to N20 was monitored by periodic analysis of N20 concentrations in

these standards and outside air. About three standards were analyzed for every five

samples.The GC had a precision of about 9%.

The N20-N flux density FN (ng ni2 s'') was calculated from

ApN
FN=1.06*10 1° *h *

c At
(1)

where 1 . 06* 10 10 is a unit conversion factor; h, is the height (m) of the chamber; and

ApN/At is the rate change of N20 density (kg N20 m 3 mie) in the air within the chamber.

The N20 density in air was calculated from

pN=1*10 -9 *rw *pa *x	 (2)

where 1*10-9 is a units conversion factor; rs„ is the ratio of the gram molecular weight of

N20 (44.015) to gram molecular weight of dry air (28.966), which gives r,,, the value

1.5196; pa is the density of dry air, which is assumed to be 1.1 kg ni3; and Xis the N20

concentration ni 1-1 dry air) within the chamber.

To determine the N20-N flux density, FN, the ambient values were substracted

from values of N20 concentration measured inside the. On each day an average of 6

ambient air samples were collected. Some of the ambient air samples were, however, left

out from the mean and standard deviation calculations at DOY 29 and 90, due to



unrealistically high (500-800 ppb) ambient atmospheric values compared with the other

days.
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CHAPTER 4

RESULTS AND DISCUSSION

No significant differences of mean N20 fluxes were observed among PH,  CH, (FACE and

Control plots receiving high nitrogen) FL, and CL (FACE and Control plots received low

nitrogen). Table 1 shows the N20 concentrations in the air samples and table 2 the N20

fluxes for the air samples. Figure 7 shows the total mean and standard deviation of N20

fluxes over the season 1996-1997. The low nitrogen application plots for both the FACE

and Control plots have N20 fluxes higher than or very similar to the high nitrogen plots,

which was unexpected. This can also be seen in figure 8. The amount of nitrogen fertilizer

applied has been shown to influence the N20 evolution rates, Conrad et al. (1983) and

Thornton et al. (1996). On DOY 27 figure 9 shows that the N20 fluxes from the high

nitrogen application in the FACE rings and the low nitrogen application in the Control

rings were positive, the other applications showed negative N20 fluxes. Negative values

possibly indicate that the N20 was sorbed into the soil, but this only happened on DOY

27. The presence of the chamber disturbs the air flow over the soil. Positive and negative

pressure variations are then generated around the chamber, and an unsteady increase of

N20 may be observed, Matthias et al. (1980). This is usually not a problem when the

vegetation is as high as the chamber. The problem may become serious on bare soil or

short vegetation. On DOY 27 the wheat was still short, pressure buildup and/or sorption

may be responsible for negative N20 fluxes.
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TABLE 1:	 Concentration of [N20].,bien, - N20],

ring C N W R 01 12719 01/2719 01 129/9 0311419 03131/9 04121/9
1 1 2 1 1 54.44 178.81 62.42 63.74 0.54
1 1 2- 2 1 -116.4 -12.85
1 1 1 2 1 30.13 51.56 -274.1
1 1 1 1 1 -92.76 50.03 204.05 -36.58 120.78 -20.79

2 2 2 2 1 37.34 33.74
2 2 2 1 1 -23.96 301.86 -6.58 307.48 8.54
2 2 1 2 1 6.70 584.38 185.23
2 2 1 1 1 -71.15 21.30 288.21 -41.58 340.67 21.87

3 2 1 2 2 -13.45
3 2 1 1 2 75.77 -21.85 12.67
3 2 2 1 2 83.22 -53.26 18.49
3 2 2 2 2

4 1 1 2 2
4 1 1 1 2 14.42 282.48 34.01
4 1 2 1 2 -25.58 312.32 43.71
4 1 2 2 2

5 1 1 1 4 245.23 9.83 281.57
5 1 1 2 4
5 1 2 1 4 -65.80 -22.65 9.76
5 1 2 2 4

6 2 1 1 4 4.28 9.76
6 2 1 2 4
6 2 2 2 4
6 2 2 1 4 -0.02 231.82 20.10

7 2 2 1 3 -8.92 -0.83 -160.8 -33.41 -176.8 -13.68
7 2 2 2 3 76.95 38.49 -112.8
7 2 1 2 3 -30.02 165.43
7 2 1 1 3 39.09 -274.1 23.26 158.07 12.99

1 2 2 3 -101.0 -91.45 -274.1
8 1 2 1 3 -1.23 5.49 255.52 -41.51 -25.40 -31.45
8 1 1 1 3 17.01 -134.5 -52.64 -6.30 31.65

1 1 2 3 50.60 213.95
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TABLE 2:	 N20 fluxes (ng N m 2 s'') for air samples

ring C	 - N W R 01 12719 01 12719 01 12919 0311419 03131 19 04121 19
1 1 2 1 1 3.47 11.40 18.17 33.47 0.28
1 1 2 2 1 -7.42 -0.82
1 1 1 2 1 1.92 1.64 -17.48
1 1 1 1 1 -5.91 1.59 13.01 34.43 63.42 -10.92

2 2 2- 2 1 2.38 2.15
2 2 2 1 1 -1.53 19.25 87.64 161.45 4.48
2 2 1 2 1 0.43 18.63 11.81
2 2 1 1 1 -4.54 0.68 18.38 97.10 178.87 11.48

3 2 1 2 2
3 2 1 1 2 -6.23 -11.47 6.65
3 2 2 1 2 -15.18 -27.96 9.71
3 2 2 2 2

4 1 1 2
4 1 1 1 2 80.52 148.32 17.86
4 1 2 1 2 89.02 163.99 22.95
4 1 2 2 2

5 1 1 1 4 15.64 80.26 147.84
5 1 1 2 4
5 1 2 1 4 -6.46 -11.89 5.12
5 1 2 2 4

6 2 1 1 4 1.22 2.25 5.12
6 2 1 2 4
6 2 2 2 4
6 2 2 1 4 66.08 121.72 10.55

7 2 2 1 3 -0.57 -0.03 -10.25 -50.42 -92.88 -7.18
7 2 2 2 3 4.91 1.23 -7.19
7 2 1 2 3 -1.91 10.55
7 2 1 1 3 2.49 -17.48 45.06 83.00 6.82

8 1 2 2 3 -6.44 -2.92 -17.48
8 1 2 1 3 -0.08 0.17 16.29 -7.24 -13.34 -16.51
8 1 1 1 3 1.08 -8.58 -1.80 -3.31 16.62
8 1 1 2 3 3.23 13.64
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FIGURE 9: Mean and std. dey. of N20 fluxes, DOY 27
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Another possibility for the negative flux values may be the pN/At values

measured using the gas chromatograph. The gas chromatograph gave values that varied

greatly from each other, and three standards had to be run for every 5 samples. The 10 mL

vials where the gas was stored after collection prior to analysis could have had some

leakage and the treatment of the samples could have been different, even though the vials

were under pressure and the same person analyzed all the samples. It is assumed that the

natural variability is about 50% and that the gas chromatograph contributed to the other

50%.

Denitrification and nitrification are controlled by different factors. Bandibas et al.

(1994) showed that partial pressure of oxygen is a fundamental factor determining

whether conditions are conducive to denitrification or not. Aulakh et al. (1991) found

good relationship between water-filled pore space (as an indicator of reduced aeration)

and denitrification losses from varying texture soils. Tiedje (1988) suggested that in

systems exposed to air, oxygen availability is a dominant factor limiting denitrification,

whereas in anaerobic systems NO3- is limiting; in N-fertilized systems, the available organic

carbon may be limiting. On field-scale, the main factors determining denitrification are N

supply and soil water, which controls 02 . In the FACE experiment two different nitrogen

levels were used, figure 10. To understand the relationship between N20 production and

N20 flux requires an understanding of the potential for N20 redistribution in the profile,

seasonal patterns of production and the impact of land management on these relationships.

Soil management practices such as tillage have been shown to result in changes in soil

microbial populations, biochemical activities and gas flux. The transport of N20 though
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FIGURE 10: High and low N applied during the 1997 season
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the gaseous phase of the soil profile is a function of soil structure and water content. The

N20 emissions from the soil also depends on soil texture and attendant water-holding

capacity, timing and uptake of soil N, and cultivation practices such as fertilizer type and

placement.

The absence of 02 or reduced 02 availability is required for both the synthesis and

activity of the enzymes involved in denitrification. Since many organisms can denitrify, and

the enzymes are stable for a long period after production, enzyme availability rarely limits

denitrification, Firestone et al. (1989). When enzyme availability does limit denitrification

it is only for a few hours. Sabey et al. (1956) found that the optimum temperature is

between 10 and 25°C, and the optimum pH is between 7 and 9. The air temperatures on

the sample days are shown in figure 11, and range from 11 to 23°C, although soil

temperatures were probably lower. Conrad et al. (1983) found a positive correlation

between the soil temperature and the N20 evolution rates. This is also true for data

collected in the FACE project in Maricopa, with exception on DOY 104 when the N20

evolution rate decreases. This may be due to the big chambers used on DOY 104, and/or

the short time the chambers were left on the soil being insufficient to get a good reading.

When the chambers are too large and not on the soil for a long time period, the gas will be

diluted and hard to detect N20 with the gas chromatograph used in this experiment.

Conrad et al. (1983) showed that a strong dependency of the N20 evolution rates on soil

temperature clearly demonstrates that reliable N20 loss rates caused by mineral fertilizer

application can only be determined by repeated measurements each day. Estimates of N20

evolution rates based on single measurements each day may differ by more than 1 order of
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magnitude from the actual value.

Conrad et al. (1983) and Eichner (1990) both state that the N20 evolution is

strongly influenced by rainfall. However, the different irrigation treatments, 15% or 30%

available moisture depletion, did not have a statistically significant effect on the N20

evolution in this FACE study. Soil wetting may increase the activity of soil

microorganisms. It may also increase their population density. Since oxygen diffuses

10,000 times slower in liquid water than in the gas phase, the supply of oxygen to the

metabolically active micro sites is strongly affected by the water content, which directly

influences the production of N20 by denitrification and nitrification, Bandibas et al.

(1994). The N20 evolution also increases with rainfall. In the FACE experiment 1996-

1997 in Maricopa only one occasion was there rainfall within two days of gas collection

and that was just a one-millimeter rainfall on DOY 27. This was insufficient to have any

influence on the N20 evolution, see figure 12 to 15.

On DOY 29 all treatments showed small but positive N20 fluxes. The

concentration values were very similar to the atmospheric value, figure 16. On DOY 73

and 90 the N20 fluxes were higher for all treatments. The low nitrogen applications

showed the highest N20 fluxes, both in the FACE and Control plots. The FACE plots did

not show a significant difference in N20 fluxes compared with the plots with ambient CO2

treatments, figure 17 and 18. A t-test confirmed that the two data sets for FH-FL, CH-CL

for both DOY 73 and 90 counts are different at the 99% probability level (table 3).

Bandibas et al. (1994) found that frequently the N20 concentration in chambers first
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FIGURE 15: Mean N20 evolution rates, ambient CO 2 high nitrogen in comparison to
rainfall, temperature, and volume of chamber
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FIGURE 17: Mean and std. dey. of N20 fluxes, DOY 73
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TABLE 3:	 N20 fluxes from different treatments with confidence levels

Mean Confidence level 50 Confidence level 90 Confidence level 95 Confidence level 99
FH, DOY 27 1.30 0.97 2.98 4.03 7.40
CH, DOY 27 -2.62 1.72 5.30 7.17 13.16
FL, DOY 27 -0.88 1.00 3.09 4.17 7.66
CL, DOY 27 0.08 1.36 4.17 5.64 10.35

FH, DOY 29 0.99 4.39 13.52 18.28 33.55
CH, DOY 29 2.35 4.99 15.34 20.74 38.07
FL, DOY 29 5.81 5.27 16.20 21.91 40.23
CL, DOY 29 3.24 4.51 12.98 16.90 28.03

FH, DOY 73 22.03 21.70 66.76 90.28 165.71
CH, DOY 73 23.37 15.01 46.18 62.45 114.64
FL, DOY 73 34.29 15.77 48.50 65.58 120.38
CL, DOY 73 37.63 15.82 56.60 83.41 192.39

FH, DOY 90 40.58 39.98 122.97 166.30 305.26
CH, DOY 90 43.06 27.66 85.07 115.05 211.18
FL, DOY 90 63.16 29.04 89.33 120.81 221.76
CL, DOY 90 89.07 24.31 74.77 101.11 185.61

FH, DOY 104 4.39 2.71 8.32 11.26 20.66
CH, DOY 104 2.96 5.38 16.54 22.37 41.06
FL, DOY 104 7.52 0.91 2.80 3.79 6.96
CL, DOY 104 7.85 6.26 22.39 33.00 76.11
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increases, then decreases. This is also the case in this study. After DOY 90 the N20 fluxes

decrease, see figure 19.

DOY 104 was the last day of N20 measurements before harvest. The high nitrogen

plots had received 50 kg/ha of nitrogen three days before measurements and the low

nitrogen plots did not receive any nitrogen fertilization on this day. The low nitrogen plots

did, however, show higher N20 fluxes compared with the high nitrogen plots. The fluxes

were very low, this could be a result of the big chambers that were used to make the

measurements. It was difficult to measure the N20 fluxes, because the N20 in the air inside

the chambers was diluted. The air inside the chambers needs to be thoroughly mixed in

order for the air sampled for analysis to be representative. If mixing is insufficient,

additional noise in the signal will be generated, resulting in increased uncertainty of the

flux and larger minimum detectable flux. In small chambers, the mixing provided by the air

flow in the system is usually adequate. In larger chambers, however, use of fan is often

necessary. Great caution must be used when a fan is added since fan-induced turbulence

can influence flux measurements.

The low values could also be caused by variations in surface winds which can

cause pressure fluctuations and turbulence around the chamber, resulting in leakage of gas

out of the bottom of the chamber. The wind speed on DOY 104 was 1.2 m/s, which is not

significant. A windbreak can reduce this effect, but in this experiment windbreaks were not

used. The chamber itself can affect the fluxes by changing evaporation rates and surface

temperatures. Thus, the chamber should remain on the surface for the shortest possible
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time, although experimental runs must be long enough to detect the changes in N20

concentration.

Figures 20 and 21 shows the N20 flux for different samples, but no averages are

included. Two random samples were chosen to be graphed. These showed that the FACE

treatments had higher N20 fluxes, and that the ambient CO2 treatment had lower N20

fluxes. However, this is in contrast to the average of the combined treatments as the

average N20 flux graph shows in figure 8. This indicates that there are high variability in

the analytical methods.

Figures 22 and 23 show N20 evolution rates on DOY 27 when samples were taken

first at 30 min. and then at 60 min. With low water treatment the plots with low nitrogen

showed an increase in N20 evolution rates between 30 and 60 minutes. However, the high

nitrogen plots for both ambient CO2 and FACE CO2 showed a little increase with this

irrigation. The same experiment was conducted for frequent irrigation plots, on DOY 27.

Graph 22 shows results totally different than graph 23. On the frequent irrigation plots

the FACE CO2 plots for low nitrogen showed an increase and the ambient CO2 plots for

high nitrogen showed a small increase. In the other two treatments (FACE CO2, high

nitrogen and ambient CO2, low nitrogen) the N20 evolution rates decreased with time.

Kinzig et al. (1994) recommend a routine N20 sample extraction; on every 5

minutes for about 20 minutes. The efflux of gas from the soil is then proportional to the

increase in gas concentration within the chamber over time. The data from the FACE

project does not agree with Kinzig et al. (1994), i.e, the data did not show for all

treatments an increase of N20 concentration with time, see figure 22 and 23. This
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disagreement can be due to soil heterogeneity, soil type, pH, and chamber construction.

Conrad et al. (1983) assume an N20 loss rate from fertilizer nitrogen of 0.01 to

2% to be representative of global conditions. Additional N20 may be formed from the

fraction of mineral fertilizer leached from field into groundwater or into freshwater

ecosystems, where the fertilizer nitrogen could again induce an N20 emission into the

atmosphere. It has been shown that groundwater and freshwater may be substantially

supersaturated with N20. However, it remains uncertain whether the fraction of the

observed dissolved N20 is due to seepage of fertilizer or due to N20 production during

the natural cycle of nitrogen in freshwater ecosystems, Conrad et al. (1983). Assuming

that N20 loss rate of the leached fertilizer nitrogen corresponds to the values observed at

fertilizer fields, the total loss rate of using fertilizer N as N20 would be as low as 0.01 to

4%.

By using the above estimate and the annual fertilizer production rate of 55Tg N y-1

(value for 1980), UN Statistical Yearbook (1980) the total source strength of fertilizer-

derived N20 amounts to 0.005 to 2.2 Tg N20-N yr-1 . This range is below recent estimates

of 2.3 to 3.0 Tg N20-N yr-1 , Conrad et al. (1983), which is based on theoretical

calculations and observations of an increase of the tropospheric N20 mixing ratio.

Following the general assumption of steady increase of the mineral fertilizer production up

to a value of 200 Tg N in the year 2000, we have to assume a global production of

fertilizer-derived N20 of 0.02 to 8 Tg N20-N in the year 2000. This would contribute up

to approximately 100% of the global natural N20 budget, which is approximately 7 to 20

Tg N20-N yr-1, Crutzen (1983). This would have major impacts on the stratospheric
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ozone and the climate. In this study there was no difference in N20 evolution rates with an

increased CO2 concentration in the atmosphere, which would indicate that the above

estimate would be the same for an increase in CO2 concentration in the atmosphere.
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CHAPTER 5

CONCLUSION

Nitrous oxide is of importance to global greenhouse gas management policy. The 150-year

mean life time of N20 in the atmosphere is far longer than the mean life of any other oxide

of nitrogen. The combination of its atmospheric concentration and its particular

frequencies of absorption of infrared radiation make N20 an important contributor to the

natural greenhouse effect. The surface temperature increases because gases in the

atmosphere trap infrared radiation emitted by the Earth and reradiate it back down to the

surface. Human activities have increased the atmospheric budget of N20 and have

consequently increased the downward infrared radiation. This thesis has examined the

question of how increased CO2 in the atmosphere could affect N20 evolution from a

wheat agro-ecosystem.

This experiment demonstrated that N20 evolution rates were not related with the

two different irrigation treatments, 15% or 30% available moisture depletion. There was

no significant effect of CO2 level on the N20 emissions from the soil. There was a positive

correlation between the N20 evolution rates and the air temperature. With higher

temperature, there was a higher N20 flux, due to increased microbial activity. Wihin two

days of gas collection only 1 mm of rainfall occurred,which did not have any effect on the

N20 evolution rates. During the whole growing season there were 22 mm of rainfall.

Nitrous oxide emissions from agriculture lands are likely to increase in the future

because of increases in both the extent of cultivated land and fertilizer N input. The results
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in this investigation, however, did not show this. This can be because 80% of the nitrogen

was taken up by the plants during the season 1996-1997, Thompson (1997, personal

communication.). This means that only 20% of the nitrogen was left in the soil and,

because the fertilization was NH4NO3, losses may have been mainly due to volatilization,

not to N20 evolution. Crop land area in the developing countries is expected to increase

from 600 million to 950 million hectares by 2025, Duxbury et al. (1993). With this, the

amount of applied fertilizers would increase, which would lead to more N20 emissions.

Trace gas exchange between soil-plant systems and the atmosphere is a complex

phenomenon, whose measurement by chamber systems is subject to many potential

sources of bias and random variability. However, bias due to physical and biological

disturbances associated with the measurement process can be mostly overcome by using

appropriate chamber design, relatively short deployment times, and reasonable care to

minimize site disturbances. The choice of flux measurement technique must always be

judged against the principal criterion that best supports the research objectives.

In the future we need to study the timing of N application, and N sources that

minimize N20 emissions. Research may also lead to improvements in fertilizer N efficiency

and manure handling procedures that reduce the N20 evolution rates from the soils. For

further studies I recommend a more reliable gas chromatograph and better vented

chambers.
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